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The identification of a cosmic scale function with the volume integral of a spacelike hypersurface
defines the cosmic evolution in General Relativity as a collective motion along a geodesic in the
field space of the metric components, considered as the coset of the affine group over the Lorentz
one. The Friedmann equations are derived out of the homogeneous approximation by the Gibbs
averaging exact equations over the relative constant spatial volume.
A direct correspondence between the collective cosmic motion and Special Relativity is established,
to solve the problem of time and energy by analogy with the solution of this problem for a relativistic
particle by Poincare and Einstein. A geometrical time interval is introduced into quantum theory
of the relativistic collective motion by the canonical Levi-Civita – type transformation in agreement
with the correspondence principle with quantum field theory. In this context the problem of quantum
cosmological creation of visible matter is formulated. We show that latest observational data can
testify to the relative measurement standard, and the cosmic evolution as an inertial motion along
geodesic in the field space.
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Keywords: General Relativity and Gravitation, Cosmology, Observational Cosmology, Standard Model
I. INTRODUCTION
The discovery of evolution of the Universe in the form
of the Hubble law is considered as one of the greatest
achievements of modern physics [1, 2, 3, 4]. The most
intriguing facts are that the universe has not only the
finite volume (to explain the Halley-de Chs´eaux-Olbers
paradox of the dark sky [5, 6, 7]) but also the finite life-
time. The universe can be considered as one of ordi-
nary physical objects described by differential equations
of the General Relativity (GR) given in a definite frame
of reference [8] with definite initial data and boundary
conditions.
The cosmic evolution in the finite space-time are con-
ventionally described in the framework of the homoge-
neous approximation [1, 2, 3, 4]. In the present paper, the
cosmic evolution is considered in GR as a collective mo-
tion of metrics in the ”field space”. The geometry of this
”field space” in GR was obtained by Borisov and Ogievet-
sky [9] in terms of Cartan forms [10, 11] as a geometry
of the coset of the affine group A(4) over the Lorentz
one L. The Cartan method of constructing the nonlin-
ear realization of the affine symmetry [10, 11], in partic-
ular the operation of the group summation formulated
in [12] - [15], allows us to extend concepts of ”collective”
and ”relative” coordinates, inertial motions (i.e., motions
with constant canonical momenta) along ”geodesic lines”
over the coset A(4)/L.
These old concepts extended over the field space re-
veal in GR two alternative measurement standards: the
absolute standard leading to the Friedmann-Robertson-
Walker (FRW) cosmology [1, 2, 3, 4], and the relative
standard leading to the conformal cosmology defined as
the FRW cosmology expressed in terms of conformal
quantities [16, 17]. Both the measurement standards are
discussed on an equal footing, to compare them with ob-
servational data.
In the conformal cosmology we have varying masses
and constant temperature [18] instead of the constant
masses and varying volume and temperature in the FRW
cosmology. In the framework of the conformal cosmol-
ogy both the primordial element abundance [19] and
the latest Supernova data on the redshift - luminosity-
distance relation [20, 21, 22] are compatible with the
stiff state [16]. We show here that the stiff state of the
gravitation fields has a simple geometric meaning as the
”inertial motion” of the universe along geodesic lines in
the field coset A(4)/L.
The collective cosmic motion of the universe (inher-
iting the group of reparametrizations of the coordinate
evolution parameter in GR) establishes a correspondence
between GR and Special Relativity (SR). The direct
GR/SR correspondence solves the problem of the time
and energy in GR just as this problem was solved by
Poincare and Einstein for a relativistic particle in 1904-
05 [23, 24]. We use modern results [25, 26, 27, 28, 29, 30]
on the dynamic description of the pure relativistic ef-
fects by the canonical Levi-Civita – type transforma-
tion [31, 32, 33, 34], to give the mathematically rigorous
introduction of the geometrical time interval into quan-
tum theory of the relativistic collective motion in the
field space on the basis of the Dirac generalized mechan-
ics [35]. The Levi-Civita canonical transformations con-
vert the energy constraint into a new momentum; and
the scale factor, into the visible (i.e., reparametrization
- invariant) time interval measured by the watch of an
observer in the universe. Simultaneously the Levi-Civita
transformations convert the set of field variables into a
new set of geometric variables with cosmic initial data.
It is well known that the quantization of cosmologi-
2cal models in GR leads to the so-called Wheeler-DeWitt
equations. The main problem is the lost of time in the
Wheeler-DeWitt equations. Just this time is restored by
the Levi-Civita transformations that link two evolution
parameters and two wave functions of the universe in the
field system and the geometric one. This Hamiltonian de-
scription of the cosmic evolution by two wave functions
and their relation is the main difference of our approach
from others (see references in [36]).
The GR/SR correspondence determines both the mea-
surable energy density in the quantum field theory and
particles as the holomorphic variables diagonalising this
energy density. These variables and the mass-singularity
of the massive vector bosons [37, 38]) in the Standard
Models give theoretical basis of solving the problem of
quantum cosmological creation of the visible matter in
the universe [17, 39]
The content of the paper is the following: In Section
2 we give the description of the universe as the collec-
tive state of fields in the Einstein theory compatible with
data of the observational cosmology. Section 3 is de-
voted to the reparametrization - invariant Hamiltonian
description of the collective motion of the universe in
both the classical theory and the quantum one. Section
4 is devoted to the cosmological creation of matter from
vacuum.
II. GENERAL RELATIVITY AS A THEORY OF
SPONTANEOUS BREAKDOWN OF AFFINE
SYMMETRY
A. Gravity in terms of Cartan forms of the affine
group
It is well known that the Einstein General Relativ-
ity (GR) is a gauge field theory. However, there is an-
other deep analogue between gravitons in GR and pi-
ons in chiral dynamics based on nonlinear realizations of
chiral symmetry SU(2) × SU(2). In 1974 Borisov and
Ogievetsky [9] showed that GR was a theory of spon-
taneous breakdown of affine symmetry in the same way
as chiral dynamics in QCD was a theory of spontaneous
breakdown of chiral symmetry. In this theory ten gravi-
tons are considered as the Goldstone particles.
A theory of Goldstone particles h [11, 12, 13, 14, 15]
of nonlinear realizations of a semi-simple group G with
subgroup of stability vacuum H is based on the Cartan
forms ω and θ. These forms determine Lagrangian and
covariant derivative with the help of a shift ω and rota-
tions θ of repers in the factor-space (i.e. coset)K = G/H
defined by the finite transformations of group G through
the equality
G−1(h)∂µG(h) = i(ω
m
µ (h)Xm + θ
n
µ(h)Yn) (1)
with the initial data
ωmµ (0) = 0, θ
n
µ(0) = 0 ,
where h are the group parameters identified with Gold-
stone particles, Yn(n = 1, ..., r) are the generators of the
subgroup H, and Xm(m = 1, ..., k) are the generators of
the factor space G/H. In particular, in the exponential
parametrization of group elements G = exp(ihmXm) the
form ω(h) describes the transition along a geodesic line
in the coset G/H. Making the change
G(h) → G(φ)G(h) (2)
in (1) and solving the equations for the Cartan forms
with nonzero boundary conditions [12, 13, 14, 15]
ω¯mµ (φ, 0) = ω
m
µ (φ), θ¯
n
µ(φ, 0) = θ
n
µ(φ) , (3)
we get the extended Cartan forms ω¯mµ (φ, h) , θ¯
n
µ(φ, h).
These forms describe the transition from the point φ to
point φ(+)h in the field space, and in the particular case
of the exponential parametrization, the transition along
a geodesic. The changes (2) and (3) are called the sum-
mation in the coset.
The definition of the geodesic lines and the group sum-
mation allow us to extend the concepts of “inertial mo-
tion”, the collective and relative coordinate to the coset
of the Goldstone fields, in particular in GR considered as
a theory of nonlinear realization of the affine group A(4)
in the coset K = A(4)/L with respect to the Lorentz
subgroup.
The algebra of the affine group of all linear transfor-
mations of a four-dimensional space-time A(4) = P4 ×
L(4, R) consists of generators of the Lorentz group Lµν ,
generators of proper affine transformations Rµν , and
those of translation Pµ.
In the theory of nonlinear group representations the
coordinates xµ and ten Goldstone fields hµν (i.e., gravi-
tons) are treated as parameters of the transformations in
the factor space A(4)/L. Invariants under transforma-
tions with constant parameters are constructed with the
help of Cartan forms
G−1dG = i[ωPµ (d)Pµ +
1
2
ωRµν(d)Rµν +
1
2
ωLµν(d)Lµν ] ,
G = exp{iPµxµ} exp{1
2
iRµνhµν} . (4)
The form ωR defines the covariant differential for the
Goldstone field h; and the forms ωP and ωL, the covari-
ant diferentiation of the external field Ψ transformed by
the representation of the Lorentz group with the gener-
ators LΨµν . The Cartan forms are nothing but the Fock
tedrads [40]
ωPλ (d) = eλµdx
µ , (5)
ωLµν(d) =
1
2
(ωµν(d)− ωνµ(d)) = ω[νµ] , (6)
ωRµν(d) =
1
2
(ωµν(d) + ωνµ(d)) = ω[νµ] , (7)
3where
ωνµ = deνσ(e
−1)σµ , (8)
and eνσ(e
−1)σµ = δνµ = diag[1,−1,−1,−1]. The Car-
tan forms allow us to realize the Fock separation of the
Lorentz transformations from the general coordinate ones
[40]. The Fock tetrads eλµ belong to both the spaces:
the Minkowski space marked by the underlined indices λ
and the Riemannian space marked by the indices µ. The
choice of the normal cordinates in the ten-dimentional
space hν µ corresponds to the exponential parametriza-
tion [9, 13]
eνσ = (exph)νσ . (9)
It was shown in [13, 15] that the summation along
geodesic lines h(+)φ corresponds to the choice of a group
transformation in the form G = G(φ)G(h) or
ωPλ (d) = (exph expφ)λµdx
µ . (10)
The invariant elements of length and volume are con-
structed from the Cartan forms ωP
(ds)2 = ωPλ (d)ω
P
λ (d) ≡ ωP0 (d)ωP0 (d)
−ωPa (d)ωPa (d) ≡ gµνdxµdxν (11)
dv = ωP0 (d)ω
P
1 (d)ω
P
2 (d)ω
P
3 (d)
= d4x| − e| = d4x√−g . (12)
The four-dimensional curvature R = Rµν,νµ, the Rie-
mannian tensor
Rµν,λρ = (e
−1)σλ∂σvµν,ρ + vµν,γvργ,λ
+vµγ,ρvνγ,λ − (λ ↔ ρ) , (13)
and the covariant differentation of the external field Ψ
DλΨ = DΨ/ω
P
λ = [(e
−1)σλ∂σ +
1
2
ivµν,λL
Ψ
µν ]Ψ (14)
can be constructed from the Cartan forms [9], where vµν,γ
is the sum of
ωνµ,γ = (∂λeνσ)(e
−1)σµ(e
−1)λγ (15)
over all permutations of the indices with the sign (+) for
even ones; (−), for odd.
In terms of these expressions the Einstein-Hilbert ac-
tion added by the Standard Model one takes the form
Stot[f, e|ϕ0,MHiggs] =∫
d4x| − e|[−ϕ
2
0
6
R(e) + LSM(f, e)] , (16)
where
ϕ20 =M
2
Planck
3
8π
. (17)
One can find a direct analogue with the action of a rela-
tivistic particle in Special Relativity (SR)
SSR = −m
2
τ2∫
τ1
dτ [
X˙2µ
e
+ e] , (18)
where the role of field variables is played by the coordi-
nates of a particle. Instead of tetrads (“vier-bein”) we
have here ”ein-bein” [23, 24]. The analogue of general
coordinate transformations
xµ ⇒ x˜µ = x˜µ(x0, x1, x2, x3) (19)
in SR is reparametrizations of the coordinate time
τ → τ¯ = τ¯ (τ) . (20)
That means that observable time is the invariant interval
ds = edτ = e¯dτ¯ (21)
identified with the proper time measured by the watch
in the comoving frame.
The principle of General Relativity means that coor-
dinates of space-time xµ = (x0, x2, x2, x3) and tetrads e
in the action (16) are not observable. Observables are
the Cartan forms, like in electrodynamics observables
are gauge invariant tensions, but not the gauge - vari-
ant fields.
The Hilbert variational principle in terms of tetrads
reproduces the classical Einstein equations
ϕ20
3
√−g
[
Rνµ(g)−
1
2
δνµR(g)
]
= ενµ ≡
√−g T νµ , (22)
where T νµ is the matter energy - momentum tensor.
The problem is to solve equations (22) in terms of in-
variants of the group (19) in a definite frame of refer-
ence. The latter is defined as a set of physical instru-
ments for measurement of the initial data of independent
variables [8, 41, 42, 43, 44] (see Appendix A).
B. Cosmic evolution as a collective motion in the
coset A(4)/L
Evolution of fields including the metrics in GR is stud-
ied in the kinemetric frame of reference [8] with the so-
called Arnowitt-Deser-Misner (ADM) parametrization of
the metric [41, 42]
(ds)2 = gµνdx
µdxν = (Ndx0)2
−(3)gij
(
dxi +N idx0
) (
dxj +N jdx0
)
.(23)
The Hamiltonian description of GR in this frame is
invariant with respect to reparametrization of the coor-
dinate evolution parameter x0 → x˜0 = x˜0(x0). This
invariance means that the coordinate evolution parame-
ter x0 cannot be measured, and we should point out a
4measured evolution parameter among the set of the field
variables to solve the problem of energy and time in the
kinemetric frame of reference [28, 30, 49]. This measured
evolution parameter is well known in cosmology as the
cosmic scale factor.
In contrast to the conventional homogeneous approx-
imation [1]-[4], we define the cosmic scale factor a(x0)
as the functional of metrics in the form of an invariant
spatial volume
1
V0
∫
V0
d3x
√
(3)g(x0, xi) ≡ 1
V0
∫
V0
d3x|(3)e| = a3(x0), (24)
where V0 is the present-day value of the finite volume.
In contrast to the conventional Hamiltonian descrip-
tion of GR [41, 42, 43], we extract the cosmic scale fac-
tor as a collective coordinate in the space of metrics gµν
considered as the coset A(4)/L [9]. We introduce the col-
lective variable using the geometry of geodesic lines in the
coset A(4)/L. The operation of adding along a geodesic
line in terms of the normal coordinates in the field space
gµν(h) = [exp(2h)]µν is defined by eq. (10) [13, 15]:
gµν(hcoll.(+)hrel.) =
{exp(hcoll.) exp(2hrel.) exp(hcoll.)}µν . (25)
In this case, a collective motion of the volume a(x0) is
separated from the relative metric g¯µν(x
0, xi) by the mul-
tiplication
gµν(x
0, xi) = g¯µν(x
0, xi)a(x0)2 (26)
corresponding to
N = N¯a, gij = g¯ija
2 .
The normal coordinate in the field space along a geodesic
line is the Misner exponential parametrization of the
scale factor [45]
a(x0) = expX0(x
0) . (27)
Constant values of the canonical momentum of the Mis-
ner variable X0 correspond to an inertial motion in the
field space along a geodesic line.
Transformation (26) is a particular case of the Lich-
nerowicz conformal transformations [46] of all field vari-
ables {(n)f}
(n)f(x0, xi) = (n)f¯(x0, xi)a(x0)n (28)
with a conformal weight n, including the metric as a ten-
sor field with the conformal weight n = 2 [47]. We sug-
gest that each field contributes to the cosmic evolution
of the universe in line with the Lichnerowicz conformal
transformations (28). The auxiliary variable can be re-
moved by the constraint of the constant spatial volume
in the relative field space g¯µν that follows from eqs. (24),
(26) ∫
V0
d3x|(3)e¯(x0, xi)| ≡ V [e¯] = V0 . (29)
To identify this collective variable with the homogeneous
cosmic scale factor in observational cosmology, we should
verify that the exact equations of a(x0) averaged over
the invariant three-dimensional volume in our theory co-
incide with the equations of homogeneous cosmic scale
factor in the standard cosmology where the concept of
the cosmic evolution of the universe is formulated.
C. Exact equations of the cosmic evolution
To find the Einstein action with the collective motion
and corresponding Einstein equations, we use the well-
known formula of conformal transformations (26) of a
four-dimensional curvature
√−gϕ
2
0
6
R(g) =
√−g¯ ϕ
2
6
R(g¯)−ϕ∂µ
[√−g¯g¯µν∂νϕ] , (30)
where ϕ(x0) is the dynamic Planck mass defined as the
product of the Planck mass and the cosmic scale factor
ϕ(x0) = a(x0)ϕ0
(
ϕ0 =MPlanck
√
3
8π
)
. (31)
This formula leads to the Einstein action
SGR[e|ϕ0] = SGR[e¯|ϕ]
+
x02∫
x0
1
dx0
∫
V0
d3xϕ
d
dx0
(
|(3)e¯| dϕ
N¯dx0
)
+
x02∫
x0
1
dx0Λ(x0) [V [e¯]− V0] , (32)
where the Lagrangian factor Λ(x0) provides the conser-
vation of the volume (29) of local excitations;
SGR[e¯|ϕ] = −
∫
d4x
√−g¯ ϕ
2
6
R(g¯)
=
x02∫
x0
1
dx0
∫
V0
d3x [K(e¯|ϕ)− P(e¯|ϕ) + S(e¯|ϕ)] (33)
is the standard ADM action in GR with the relative met-
ric g¯ and the running Planck mass where
K(e¯|ϕ) = ϕ
2|(3)e¯|
24N
[π¯abπ¯ab − π¯bbπ¯aa] (34)
is the kinetic term with the external form
πab =
1
2
[(D0e)ai(e
−1)ib + (a ↔ b)]) ,
(D0e)ai =
(
∂0 −N l∂l
)
eai − eal∂iN l , (35)
5P(e¯|ϕ) = ϕ
2N¯ |(3)e¯|
6
(3)R((3)g¯) (36)
is the potential term, and
S(e¯|ϕ) = ϕ
2
6
(
∂0 − ∂kNk
)(|(3)e¯| π¯aa
N¯
)
−ϕ
2
3
∂i
(
|(3)e¯|(3)g¯ij∂jN¯
)
(37)
are the standard ADM ”surface terms” contributing to
the equations of motion due to the time dependence of
the dynamic Planck mass ϕ. This contribution describes
the interference between the local relative excitations and
the collective one.
The action of collective motion allows us to define the
global lapse function
1
N¯0(x0)
=
1
V0
∫
V0
d3x
|(3)e¯|
N¯
. (38)
and the gauge - invariant world geometric time
dη = N¯0(x
0)dx0 = ˜¯N0(x˜
0)dx˜0 . (39)
In terms of world geometric time the variation of the
total action (16) with respect to the lapse function and
determinant of spatial metric leads to the equations
N¯
δStot
δN¯
= 0 ||=⇒ ϕ
′2
N = N T¯
0
0 , (40)
g¯ij
δStot
δg¯ij
= 0 ||=⇒ 2(ϕ
2)′′ − 3ϕ′2
N + 3Λ = N T¯
k
k , (41)
δStot
δN¯k
= 0 ||=⇒ T¯ 0k = 0, (42)
g¯ki
δStot
δg¯ij
= 0 ||=⇒ T¯ ik = 0 (i 6= k), (43)
where f ′ = df/dη, N = N¯/N¯0, and T¯ νµ = T νµ−ϕ2/3(Rνµ−
1/2δνµR) are the total components of the local energy-
momentum tensor
|(3)e¯|N T¯ 00 = K(e¯|ϕ) + P(e¯|ϕ) + ε00 ≡ ε00(tot) , (44)
3K(e¯|ϕ)− P(e¯|ϕ) + 2S(e¯|ϕ) + εkk ≡ εkk(tot) (45)
(T¯ νµ = 0 is equal to zero, if the cosmic evolution is ab-
sent ϕ(x0) ≡ ϕ0). These equations contain the collective
motion of the cosmic evolution that can be extracted by
integration of these equations over the spatial volume.
As a result we get
1
V0
∫
V0
d3xN¯
δStot
δN¯
= 0 ||=⇒ ϕ′2 = ρtot, (46)
1
V0
∫
V0
d3xg¯ij
δStot
δg¯ij
= 0 ||=⇒ (ϕ2)′′ − 3ϕ′2 + 3Λ =
−3ptot ; (47)
here we introduce the Gibbs averaging
ρtot =
1
V0
∫
d3xε00(tot) ,
3ptot =
1
V0
∫
d3xεkk(tot).
These equations are accompanied by the equations of col-
lective variables
ϕ
δStot
δϕ
= 0 ||=⇒ 2ϕϕ′′ = ρtot − 3ptot, (48)
δStot
δΛ
= 0 ||=⇒ V [g¯]− V0 = 0. (49)
The combination of eqs. (46), (47), and (48) leads to
Λ = 0.
In this case, the exact equations (46) and (47) in rela-
tive field space for the collective variable completely co-
incide with the conformal version of the equations of the
Friedmann-Robertson-Walker (FRW) cosmology in the
homogeneous approximation [1]-[4]
ϕ20a
′2 = ρtot ; ϕ
2
0
[
3a′2 − (a2)′′] = 3ptot , (50)
where ρtot and ptot are the total density and the total
pressure. Transition to physical values (time t, distance
l, density ρF) of the FRW cosmology is carried out with
the help of conformal transformations
t =
∫ η
0
dη¯a(η¯), (51)
l = a(η)r, r =
√
x21 + x
2
2 + x
2
3 (52)
ρF(a) =
ρtot(a)
a4
. (53)
In the terms of the FRW cosmology the equation of evo-
lution (50) takes the conventional form
ϕ20
(
da
dt
)2
= ρF(a) ; ϕ
2
0
[(
da
dt
)2
+ ad
2a
dt2
]
= −3pF. (54)
In addition, by substituting eqs. (46) and (47) into (40)
and (41), we obtain the equations of the local excitations
|(3)e¯|
NV0
∫
V0
d3xε0
0(tot) = ε
0
0(tot) , (55)
6|(3)e¯|
NV0
∫
V0
d3xεk
k(tot) = ε
k
k(tot) ,
where ε0
0(tot)
, εk
k(tot)
are given by eqs. (44) and (45).
These local equations are compatible with the cosmo-
logical equations (46), (47), and in the infinite volume
limit the local equations (55) coincide with the ordinary
Einstein equations in the Riemannian space-time. It was
shown that the cosmic evolution changed the Newton law
and the black-hole solution in the Early Universe [17, 49].
D. Measurement standards
It is worth reminding that the concept of measurable
quantities in the field theory is no less important than
the equations of the theory. J.C. Maxwell wrote: ”The
most important aspect of any phenomenon from mathe-
matical point of view is that of a measurable quantity. I
shall therefore consider electrical phenomena chiefly with
a view to their measurement, describing the methods of
measurement, and defining the standards on which they
depend”[48].
Suppose that nature selects itself both the theory and
standards of measurement, and the aim of observation is
to reveal not only initial data, but also these measure-
ment standards. In particular, one of the central concepts
of the modern cosmology is the concept of the scale de-
fined as a functional of spatial volume in GR [49]. If
expanding volume of the universe means the expansion
of ”all its lengths”, we should specify whether the mea-
surement standard of length expands. Here there are two
possibilities: the first, the absolute measurement stan-
dard does not expand; and the second, the relative mea-
surement standard expands together with the universe.
Until the present time the first possibility was mainly
considered in cosmology. The second possibility means
that we have no absolute instruments to measure abso-
lute values in the universe. We can measure only a ratio
of values which does not depend on the spatial scale fac-
tor. The relative measurement standard transforms the
spatial scale of the intervals of lengths into the scale of
masses which permanently grow.
As we have shown in the previous section the universe
evolution as a collective motion of the spatial volume in
the field ”space”
(ϕ, g¯µν , f¯ ...) ≡ (ϕ, F¯ )
reproduces the equations of a conformal version of the
FRW cosmology, if the homogeneous approximation is
changed by averaging the local density and pressure. To
obtain the equation of the standard cosmology, it is suffi-
cient to make the reverse conformal transformations (28)
of the relative quantities (n)F¯ into the quantities of ab-
solute field space (n)F = (n)F¯ an. The FRW cosmology
supposes that our instruments measure absolute fields
(n)F and a ”absolute” interval of the Riemannian space
(ds)2 = gαβdx
αdxβ . (56)
The ”relative” point of view supposes that our instru-
ments measure relative fields (n)F¯ and a ”relative” inter-
val of the Riemannian space
(ds¯)2 = g¯αβdx
αdxβ ≡ (ds)
2
a2
. (57)
E. The GR/SR Hamiltonian correspondence
The conventional Hamiltonian formulation in terms of
Dirac theory of constrained systems [35] is given by the
action
SGR =∫
dx0



∫ d3x∑
i,a
Pia∂0e¯
i
a

−Htot[e¯|ϕ]

 ,(58)
where
Htot[e|ϕ0] =∫
d3x
[
NH−NkPk + C0Pg + Cbfb(e)− S
]
(59)
is the Hamiltonian, N,Nk, C, Ck are the Lagrangian
multipliers for the first class constraints for densities
of energy H = 0 and momenta Pk = 0, and second
class ones that are the Dirac conditions of transverse-
ness fb(e) = 0 and the minimum embedding of three-
dimensional hypersurface into the four-dimensional Rie-
mannian space-time with the zero momentum of spatial
metric determinant Pg = 0 [41]. The latter means that
the second (external) form πa,a is equal to zero that con-
tradicts to the cosmic evolution with the nonzero Hub-
ble parameter proportional to πa,a (see Appendix A,
eq. (A.33)).
On the other hand, the conventional description of the
cosmic evolution keeps only the homogeneous part of the
second form neglecting all local excitations Htot = 0.
To include the cosmic evolution into field theory of the
local excitations, we have define this evolution [26, 28] as
the collective variable ϕ(x0) = a(x0)ϕ0 by eq. (24).
The Einstein theory after the separation of the collec-
tive motion takes the form
SGR[e|ϕ0] = SGR[e¯|ϕ] + Sinterference + Scollective , (60)
where the first term coincides with the initial Einstein
action in terms of relative fields and dynamic evolution
parameter ϕ instead of the Planck mass ϕ0; the second
term
Sinterference = −1
6
x02∫
x0
1
dx0∂0(ϕ
2)
∫
V0
d3x
π¯aa
N¯
(61)
7goes from the first one in eq. (37) in the relative metric.
This term describes an interaction of the collective and
relative variables. The third term
Scollective = −V0
x02∫
x0
1
dx0
(∂0ϕ)
2
N¯0
(62)
is the collective motion of the universe.
The interference of the collective and relative variables
disappears, if we impose the Dirac condition [41] of the
minimal embedding of the three-dimensional hypersur-
face into the four-dimensional space-time in the relative
space
π¯aa = 0 . (63)
The minimal embedding removes not only the interfer-
ence of the collective motion with local excitations, but
also all local excitations with the negative norm [43].
In the case of the minimal embedding the Hamilto-
nian form of the Einstein action (58) with the collective
motion takes the form
SGR[e|ϕ0] =
∫
dx0

∫ d3x∑
i,a
Pia∂0e¯
i
a −Htot[e¯|ϕ]− Pϕ∂0ϕ+ N¯0
P 2ϕ
4V0
+ Λ(V¯ [e¯]− V0)

 ; (64)
here the relative Hamiltonian Htot[e¯|ϕ] is the conven-
tional one (59) where all fields are changed by the rel-
ative one e¯ia, N¯ and the Planck mass ϕ0 is changed by
the running Planck mass as dynamic evolution param-
eter ϕ, N¯0[e¯, N¯ ] and V¯ [e¯] are considered as functionals
given by eqs. (29) and (38)
1
N¯0
=
1
V0
∫
V0
d3x
|(3)e¯|
N¯
, V¯ [e¯] =
∫
V0
d3x|(3)e¯| . (65)
The GR with the collective motion is the direct field
generalization of SR with two time-like variables (the ge-
ometric interval dη = N0dx
0 and dynamic evolution pa-
rameter ϕ) and two wave functions. We have one to one
correspondence between SR and GR [27, 28], i.e., their
proper times
ds = edτ ⇐⇒ dη = N¯0dx0 , (66)
their world spaces
X0, Xi ⇐⇒ ϕ, e¯ia , (67)
their energies
P0 = ±
√
P 2i +m
2 ⇐⇒ Pϕ = ±2
√
V0Htot[e¯|ϕ], (68)
and their two-time relations in the differential form
dX0
ds
= ±
√
P 2i +m
2
m
⇐⇒ dϕ
dη
= ±
√
ρtot(ϕ) (69)
and in the integral forms
s(X0) = ± m√
P 2i +m
2
X0 ⇐⇒ η(ϕ0, ϕI) = ±
ϕ0∫
ϕI
dϕ√
ρtot(ϕ)
. (70)
Recall that in SR eq. (70) can be treated as the Lorentz
transformation of the rest frame with timeX0 into the co-
moving one with the proper time s. Similarly, in GR the
relation η(ϕ) defined by eq. (70) is treated as a canonical
transformation [28]. This GR/SR correspondence (66)-
(70) allows us to solve the problem of time and energy in
GR like Poincare and Einstein [23, 24] had solved it in
SR. They identified the time with one of variables in the
world space. The similar String/SR correspondence was
considered in papers [29, 30, 49].
8F. Cosmic evolution as an inertial motion in the
coset A(4)/L
The cosmic collective motion as the dynamics of the
scale factor a can be separated in any theory, in partic-
ular, in the unified theory considered as the sum of GR
and the Standard Model
Stot[{F}|{M}] =
SGR[e|MPlanck] + SSM[e, {f}|MHiggs] (71)
with a set of fields {F} = e, {f} and a set of massive pa-
rameters {M} including the Higgs mass. This separation
is fulfilled by the Lichnerowicz transformations of fields
with the conformal weight n (n)F = (n)F¯ an (28). As the
result, the action (71) takes the form
Stot[{F}|{M}] =
Stot[{F¯}|{Ma}] + Scollective[a, N¯0] , (72)
where
Scollective[a, N¯0] = −γ
x0(0)∫
x0(I)
dx0
[
(∂0a(x
0))2
N¯0
]
, (73)
where γ = V0ϕ
2
0. To make the analogue with a relativistic
particle more transparent, we can pass to the normal
coordinates in the field space along a geodesic line that
corresponds to the choice of the Misner parametrization
of the evolution parameter X0 = log a in the field space
(27) and the Misner lapse function
a = eX0 ; e0 = N¯0e
−2X0 . (74)
Then, instead of the action (73) we get
Scollective[X0, N0] = −γ
x02∫
x0
1
dx0
[
(∂0X0)
2
e0
]
. (75)
We call the collective motion along the geodesic line in-
ertial, if the canonical momentum of the field evolution
parameter X0
P0 = −2γ (∂0X0)
e0
(76)
is a constant
dP0
dx0
= −2γ d
dx0
[
(∂0X0)
e0
]
= 0 =⇒ dX0
e0dx0
= H0 . (77)
The solution of this equation is expressed in terms of the
invariant ”Misner time” dΩ = e0dx
0
X0(Ω) = H0
x0∫
e0(x¯
0)dx¯0 = H0Ω(η) . (78)
The dependence Ω(η) on the conformal time dη =
N¯0dx
0 (39) follows from eq. (74)
e0dx
0 = dΩ = e−2X0(Ω)dη . (79)
The solution of this equation takes the form
X0(Ω) = H0Ω(η) ≡ 1
2
log[1 + 2H0(η − η0)] . (80)
In this case, the scale factor a = exp(X0) is proportional
to the square root of the conformal time (39) dη = N¯0dx
0
a2(η) = [1 + 2H0(η − η0)] , (81)
where η0 is the present-day value of time a(η0) = 1. This
result follows directly from the equations of motion (50)
if the pressure is equal to the density
ptot(a) = ρtot(a) =
ϕ20H
2
0
a2
(82)
and these equations reduce to
(a2)′′ = 0 . (83)
Thus, the inertial cosmic motion corresponds to the so-
called stiff state (82). As it is known from the observa-
tional cosmology, the standard matter Stot[{F¯}|{MeX0}]
gives a small contribution to the cosmic evolution.
Therefore, we propose that the equation of the stiff
state is described by an additional action SI [e0] so that
the complete action takes the form
Stot[{F}|{M}] + SI [e0] = Stot[{F¯}|{MIeX0}]
+Scollective[X0, e0]
+SI [e0] . (84)
If we neglect the first term in (84), the additional action
SI [e0] leads to the inertial motion of the universe along
geodesic with the density (82)
Suniverse = Scollective[X0, N0] + SI [e0] =
− γ
x02∫
x0
1
dx0
[
(∂0X0)
2
e0
+ e0H
2
0
]
. (85)
This action describes the relativistic universe in which
the problem of energy is solved like in Special Relativ-
ity (18).
Thus, there are two differences of the cosmic motion
in the coset A(4)/L from the standard cosmology in the
FRW metrics. These are the reparametrization invari-
ance and the relative measurement standard in the coset
which leads to the conformal cosmology with a constant
volume of the flat space
ds¯2 = dη2−dxidxi, r2 = xixi ≡ (x1)2+(x2)2+(x3)2
9and varying masses M¯(η) = Ma(η) defined by eq. (81).
Therefore, the spectrum of atoms is described by the
Schro¨dinger equation[
pˆ2
2m0a(η)
−
(α
r
+ E(η)
)]
ΨA = 0 . (86)
It is easy to check that the exact solution of this equa-
tion is expressed throw the solution E0 of a similar
Schro¨dinger equation with constant massesm0 at a(η0) =
1
E(η) = a(η)E0 ≡ E0
z(d) + 1
, E0 = −m0α
2
n2
, (87)
where z(d) is a redshift of the spectral lines of atoms
at the coordinate distance d/c = η0 − η, and η0 is the
present-day value of the geometric (conformal) time.
G. Conformal cosmology and SN data
This type of conformal cosmology was developed by
Hoyle and Narlikar [18]. A red photon emitted by an
atom at a star two billion years (in terms of η) remembers
the size of this atom, and after two billion years this
photon is compared with a photon of the standard atom
at the Earth that became blue due to the evolution of
all masses. The redshift-coordinate distance relation is
defined by the formula of the standard cosmology (87)
z(d) =
a(η0)
a(η0 − d/c) − 1 , a(η0) = 1 (88)
(where d is the coordinate distance to an object) because
the description of the conformal - invariant photons does
not depend on the standard of measurements.
In the case of the inertial motion (81) this redshift -
distance relation takes the form
z(d) =
1
(1 + 2H0d/c)
1/2
− 1 . (89)
It results in the following simple relation
d(z) =
c
2H0
[
1− 1
(1 + z)2
]
. (90)
The redshift - luminosity distance relation is determined
by the formula ℓluminocity(z) = (1 + z)
2d(z). The factor
(1 + z)2 comes from the evolution of the angular size of
the light cone of absorbed photons [16]. Since measurable
distances in the conformal cosmology are the coordinate
ones, we lose the factor (1+z)−1 that was in the standard
cosmology due to the expansion of the universe. Finally
we obtain the redshift-luminosity distance relation
ℓluminocity(z) = (1 + z)
2d(z) =
c
H0
[
z +
z2
2
]
(91)
as the consequence of the ”inertial motion” of the uni-
verse along the geodesic line of the field space (i.e., the
stiff state of dark energy with the most singular be-
haviour).
It has been shown in paper [16] that this relation does
not contradict the latest Supernova data [20, 21, 22].
Among the CC models the pure stiff state of dark en-
ergy gives the best description and it is equivalent to the
SC fit up to the distance of SN1997ff.
H. Primordial element abundance
In the considered model of the conformal cosmology
the temperature is a constant. In the conformal cosmol-
ogy we have the mass history [16]
mera(zera) =
mera(0)
(1 + zera)
(92)
with the constant temperature T = 2.73 K = 2.35×10−13
GeV where mera(0) is characteristic energy (mass) of the
era of the universe evolution, which begins at the redshift
zera.
Eq. (92) has an important consequence that all phys-
ical processes, which concern the chemical composition
of the universe and depend basically on the Boltzmann
factors with the argument (m/T ), cannot distinguish be-
tween the conformal cosmology (m¯/T¯ ) in the stiff state
with the square root dynamics (81) (in the ”relative”
standard)
a(η) =
√
1 + 2H0(η − η0) (93)
and the FRW cosmology in the radiation state with the
same square root dynamics (in the ”absolute” standard)
due to the relations
m¯(z)
T¯ (0)
=
m(z = 0)
(1 + z)T (z = 0)
=
m(0)
T (z)
. (94)
From this formula it is clear that the z-history of masses
with invariant temperatures in the stiff state of conformal
cosmology is equivalent to the z-history of temperatures
with invariant masses in the radiation stage of the stan-
dard cosmology. We expect, therefore, that the confor-
mal cosmology allows us to keep the scenarios developed
in the standard cosmology in the radiation stage for, e.g.
the neutron-proton ratio, primordial element abundance,
and the appearance of CMB radiation with the temper-
ature 2.7K.
Instead of the z-dependence of the temperature in an
expanding universe with constant masses in the standard
cosmology, in conformal cosmology, we have the z-history
of masses in a static universe with an almost constant
temperature of the photon background (with the same
argument of the Boltzmann factors).
Thus, the ”relative” cosmology [16] leads to the sim-
plest Cold Universe Scenario with the fundamental pa-
rameter of the CMB temperature 2.7K. In this Cold
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Scenario the single stiff state (treated as a primordial
inertial motion along a geodesic line of the field space)
describes two last eras: 2) the chemical evolution, and 3)
the present-day stage. One can suppose that the same
inertial motion (79), (81), and (82) describes also the
primordial era of creation of the universe and creation of
matter at the beginning of the universe. The description
of the cosmological creation of matter requires a complete
and consistent solution of problems of cosmic singularity
a = 0, cosmic initial data, and a positive arrow of the
geometric time at the level of the quantum cosmic me-
chanics. We consider the solution of all these problems
using the simplest case of the inertial motion.
III. HAMILTONIAN DESCRIPTION OF
QUANTUM RELATIVISTIC UNIVERSE
A. Hamiltonian formalism of cosmic inertial
motion
The action of a relativistic universe (85) in terms of
the canonical momentum (76) of the field evolution pa-
rameter X0 takes the form [45, 50]
Suniverse =
x02∫
x0
1
dx0
[
−P0∂0X0 + γe0
(
P 20
4γ2
−H20
)]
.
(95)
The Hamiltonian form (95) of the action (85) is well-
known as the Dirac generalized mechanics [35] of rela-
tivistic systems, in particular, a relativistic particle (18).
In this action (95) one of components of the metric in
the Einstein theory plays the role of the time-like ”co-
ordinate of the Minkowskian space-time”. Therefore, we
call the variable X0 the world field time. Whereas, the
Misner geometric interval (74)
dΩ = e0dx
0 ⇒ Ω =
x02∫
x0
1
dx0e0(x
0) (96)
is connected by eq. (80) with the conformal time (39)
measured by the watch of an observer. This geometric
interval is invariant with respect to reparametrizations of
the coordinate evolution parameter
x0 → x˜0 = x˜0(x0) , e0 → e˜0 . (97)
Classical equations of the generalized Hamiltonian sys-
tem (95) split into the equation of motion
dX0
e0dx0
=
dX0
dΩ
=
P0
2γ
, (98)
dP0
e0dx0
=
dP0
dΩ
= 0
and the energy constraint
P 20
4γ2
−H20 = 0 . (99)
One can see that solutions of these equations are ex-
pressed in terms of the invariant geometric interval (96)
X0(Ω) = X0(0) +
P0
2γ
Ω , (100)
P0 = ±2γH0 . (101)
We have seen above that these solutions can describe
the classical evolution of the universe. However, these
solutions do not allow us to determine the dependence
of the lapse-function e0(x
0) on the coordinate parameter
x0. There is ambiguity in the lapse function e0(x
0), as
it can be an arbitrary function. On the other hand, we
need the lapse function as the variation of the action with
respect to it leads to the energy constraint (101). The
problem arises whether we should fix e0(x
0) or not. Here,
we face different mathematical and physical statements
of the problem of the description of a constrained system.
B. Creation of quantum universe in world field space
The mathematical statement of the problem is
to give a logically consistent description of the con-
sidered relativistic system in its classical and quantum
versions. This description includes solutions to all func-
tions. If there is ambiguity, we have to fix it, for example,
e0(x
0) = 1 (102)
In this case, x0 is identified with the measurable
time; and its Hamiltonian (that coincides with the con-
straint (99)), with a physical Hamiltonian. It seems that
the problem of the classical description is completely
solved. The Hamiltonian of evolution with respect to the
”time” x0 is identified with the constraint (99). In the
corresponding quantum theory (where Pˆ0 = id/dX0 is
the operator), the wave function of the universe satisfies
the quantum version of the constraint (99)(
Pˆ 20
4γ2
−H20
)
Ψwdw(X0) = 0 , (103)
This quantization for a universe is well known as the
Wheeler-DeWitt (WDW) one. The WDW wave func-
tion as the amplitude of transition from an initial scale
factor aI = e
X0I to a running scale factor a0 = e
X0 is
decomposed over eigenvalues P0 = ±2γH0
Ψwdw(X0|X0I) = A+Ψ+(X0|X0I)θ(X0 −X0I)
+A−Ψ−(X0|X0I)θ(X0I −X0), (104)
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where the wave functions Ψ± satisfy the equations
± d
idX0
Ψ±(X0|X0I) = H0Ψ±(X0|X0I) . (105)
Solutions of these equations
Ψ±(X0|X0I) = θ(±P0) exp{−iP0(X0 −X0I)} , (106)
P0 = ±2γH0
depend on the cosmic initial data aI = e
X0I (101) consid-
ered as an input parameter of the theory. The coefficient
A+ in the second quantization[
A−, A+
]
= 1
is treated as an operator of the creation of a universe
with positive energy; and the coefficient A−, as an oper-
ator of annihilation of an anti-universe also with positive
energy. The physical states are formed by the action
of these operators on vacuum < 0|, |0 > in the form of
out-state ( |1 >= A+|0 > ) with positive frequencies and
in-state ( < 1| =< 0|A− ) with negative frequencies. This
treatment means that positive frequencies propagate for-
ward (X0 > X0I); and negative frequencies, backward
(X0 > X0I) so that the negative values of energy are
excluded from the spectrum to provide the stability of a
quantum system [56].
The causal Green function is defined as the probability
to find a universe at the moment X0:
Gc(X0) = < 0|T (Ψ(X0)Ψ(0))|0 >
≡ G+(X0)θ(X0) +G−(X0)θ(−X0)
=
i
2π
exp(−iP0X0)
P 20 − 4γ2H20 − iǫ
, (107)
where G+(X0) = G−(−X0) is the ”commutative” Green
function [56]
G+(X0) = exp(−iP0X0)δ(P 2 − 4γ2H20 )θ(P0) . (108)
We see that the field variable X0 plays the role of the
evolution parameter that is the analogue of the time in
the rest frame in Special Relativity. In both the cases
Cosmic Relativity and Special Relativity the invariance
of actions with respect to reparametrizations of the coor-
dinate time means that one of dynamic variables becomes
a parameter of evolution. Recall that this identification
was the main feature of the approach of Poincare [23] and
Einstein [24] to the solution of the problem of energy of
a relativistic particle in Special Relativity. Their result
is well-known in the form of E = mc2 as the basis of
nuclear power engineering.
The wave function (105) in the gauge e0 = 1 does not
contain the most interesting physical information about
the evolution of the universe discussed in Section 2.9.
This means that the quantum description of the universe
in gauge e0 = 1 is not complete. How can the evolution of
the quantum universe with respect to the time measured
by an observer be described?
C. Incorporation of time into quantum universe
To give the total description of the quantum universe,
we create the time by the Levi-Civita canonical transfor-
mation [28, 31, 32, 34] of the world field space into world
geometric space
(P0, X0)⇒ (Π0, Q0) (109)
to new variables (Π0, Q0) for which one of equations iden-
tifies new scale factor Q0 with the geometric interval Ω.
This transformation [31] is chosen so that to convert
the constraint into the new momentum
Π0 =
P 20
4γ
, Q0 = X0
2γ
P0
. (110)
After transformation (110), the action (95) takes the
form
S =
x02∫
x0
1
dx0
[
−Π0 dQ0
dx0
− e0(−Π0 + γH20 )−
d
dx0
slc
]
,
(111)
where slc = (Q0Π0) is the generating functional of the
canonical transformation.
We can check that the equation of motion for the mo-
mentum Π0
δS
δΠ0
= 0 ⇒ dQ0 = e0dx0 ≡ dΩ. (112)
identifies the dynamic evolution parameter Q0 with the
geometric interval Ω.
The solution of the equation of e0 (i.e., the constraint)
−Π0 + γH20 = 0 ⇒ Π0 = γH20 (113)
determines a new Hamiltonian of evolution with respect
to the new dynamic evolution parameter Ω. This Hamil-
tonian is not equal to zero in contrast to the gauge-fixing
way of the description of a universe.
The substitution of all geometric solutions (113), (112)
Q0 = Ω, Π0 = γH
2
0 (114)
into the inverted Levi-Civita transformation (115)
P0 = ±2
√
Π0γ , X0 = ±Q0
√
Π0
γ
(115)
leads to the conventional relativistic solution for the field
system (100)
P0 = ±2γH0 , (116)
X0(Ω) = X0(0) + Ω
P0
2γ
.
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The quantization −i[Π, Q0] = 1 means that instead of
constraint (113) we have the Schro¨dinger equation for
the wave function
d
idΩ
Ψlc(Ω) = γH
2
0Ψlc(Ω), (117)
Ψlc(Ω) = exp(iΩγH
2
0 ) exp(is
lc) = exp(+i2ΩγH20)
that contains only one eigenvalue γH20 . We see that there
are differences between the field (Poincare-Einstein) and
geometric (Levi-Civita) descriptions. The field evolution
parameter is given in the whole region −∞ < X0 < +∞,
whereas the geometric one is only positive 0 < Ω < +∞,
as it follows from the properties of the causal Green func-
tion (107) after the Levi-Civita transformation (110)
Gc(Q0) =
i
2π
+∞∫
−∞
dΠ0
exp(iQ0Π0)
(Π0 − γH20 − iǫ)
=
= θ(Ω) exp(iQ0γH
2
0 ), Q0 = Ω .
Two solutions of the constraint (a universe and an antiu-
niverse) in the field space correspond to a single solution
in the geometric space.
For the causal convention (104), the geometric time Ω
in classical solutions (100)
Ω(X0, X0I) = ± 1
H0
(X0 −X0I) ≥ 0 (118)
is always positive as a consequence of the stability of
the corresponding quantum system. For an Einstein ob-
server, the negative time does not exist.
Thus, the reparametrization-invariant content of the
equations of motion of a relativistic universe in terms
of the geometric interval is covered by two systems: the
field and geometric ones. The field system describes the
secondary quantization and the derivation of the causal
Green function that determines the arrow of the geomet-
ric interval (Ω). At the same time, the geometric set of
variables includes the geometric interval (Q0 = Ω) into
the number of measurable quantities, and it gives us a
second wave function of a relativistic universe observed
in the world geometric space.
The relations X0(Q0) between these two wave func-
tions in the form of the Levi-Civita canonical transfor-
mation are treated as pure relativistic effects. These rela-
tivistic effects could not be described by a single Newton-
like system. Any gauge of the type e0 = 1 is an attempt
to reduce the relativistic system to a single Newton-like
system. This gauge violates the reparametrization invari-
ance and loses part of physical information, in particular,
the positive arrow of the geometric interval, the initial
geometric data, and the fact of the origin of the time
measured by the watch of a observer. They are just the
cardinal problems of the modern cosmology: the positive
arrow of the time, its origin, and the cosmic initial data.
D. Solution of the problem of cosmic singularity in
quantum universe
To discuss the problem of cosmic singularity, we recon-
sider the problem of evolution of the inertial universe in
the relative space-time
ds¯2 = (N¯0(x
0)dx0)2 −
3∑
i=1
(dxi)2 ,
N¯0(x
0)dx0 ≡ dη (119)
in terms of the running Planck mass
ϕ(x0) = ϕ0a(x
0) = ϕ0e
X0(x
0) . (120)
In this case, the action (95) takes the form
SF =
x02∫
x0
1
dx0
[
−Pϕϕ˙+ N¯0
(
P 2ϕ
4V0
− ρI(ϕ)V0
)]
, (121)
where ρI(ϕ) is given by the ”inertial” density that plays
the role of the dark energy and almost coincides with the
critical density at the present-day time
ρI(ϕ)|ϕ=ϕ0 =
H20ϕ
4
0
ϕ2(η)
|η=η0 = H20ϕ20
≡ H20M2Planck
3
8π
≡ ρcr . (122)
The equation of motion in the stiff state
dϕ
N0dx0
≡ ϕ′ = Pϕ
2V0
= ±H0ϕ
2
0
ϕ
⇒ (ϕ2)′′ = 0
reproduces the square root dynamics (81)
ϕ(η) = ϕI
√
1 + 2HIη (123)
that describes SN data, as we have seen before in Section
2.9. The universe at the beginning of the evolution η = 0
is characterized by two vacuum data: a primordial value
of the dynamic Planck mass and the primordial Hubble
parameter
ϕ(η = 0) = ϕI , H(η = 0) = HI . (124)
These primordial data are connected with the present-
day values of the dynamic Planck mass ϕ0 and the Hub-
ble parameter H0 by the integral of motion
ϕ2(η)H(η) = ϕ2IHI = ϕ
2
0H0 = constant . (125)
The quantization of the dynamic Planck mass
i[ϕ, Pϕ] = h¯ leads to a quantum version of the energy
constraint well-known as the Wheeler-DeWitt equation[
− P
2
ϕ
4V0
+ ρI(ϕ)V0
]
Ψwdw = 0 .
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Two possible values of the momentum Pϕ =
±2V0
√
ρI(ϕ) = ±2γH0/ϕ (where γ = V0ϕ20) correspond
to two Wheeler-DeWitt wave functions
Ψwdw(ϕI , ϕ0) = A
+eiS+(ϕI ,ϕ0)θ(ϕ0 − ϕI)
+A−eiS−(ϕI ,ϕ0)θ(ϕI − ϕ0) , (126)
where S±(ϕI , ϕ0) coincides with the constrained ac-
tion (121)
S(F )(constraint) = S±(ϕI, ϕ0) = ∓2γH0 log ϕ0
ϕI
(127)
that keeps only the field variable. By analogy with a rel-
ativistic particle we can treat the coefficients A+, A− of
the decomposition as the operator of creation of the uni-
verse and the operator of annihilation. The singularity
ϕ0 → 0 is contained in the second solution.
Thus, the problem of singularity is solved in quantum
theory by the nonzero initial data (124) for the solution
that corresponds to creation of the universe.
The WDW wave function (126) is not complete as it
loses the dependence of masses on the time (123). The
complete description of the quantum relativistic universe
is possible by two wave functions in two sets of variables:
the field system and the geometric one.
E. Description of SN data in the Quantum
Universe
To find the second geometric system, we use the Levi-
Civita canonical transformation [28, 30]
[Pϕ, ϕ] ⇒ [Π0, Q0] (128)
ϕ = ϕI exp
{
±Q0
ϕI
√
Π0
V0
}
, (129)
Pϕ = ±
√
Π0V0 exp
{
∓Q0
ϕI
√
Π0
V0
}
,
N¯0 = e0 exp
{
±2Q0
ϕI
√
Π0
V0
}
that incorporates geometric interval into the set of the
geometric variables. We called this set the geometric sys-
tem. In terms of the new geometric variables the action
of the relativistic inertial universe takes the form (111).
Finally, we get the set of the geometric variables for
which the energy constraint coincides with the momen-
tum Π0 = γH
2
0 , and the equation for this momentum
Π0 points out that the new variable coincides with the
definition of the geometric interval
dQ0 = e0dx
0 =
dη
1 + 2HIη
(130)
leading to
Q0(η) = QI +
1
2HI
log(1 + 2HIη) .
The corresponding wave function satisfies equation
Π0ΨG(Q0) = γH
2
0ΨG(Q0). The solution of this equa-
tion takes the form
ΨG[Q0(η)] = exp
{−i2Q0(η)γH20} . (131)
The evolution of the universe (123) is defined as a re-
lation between the spectral parameter ϕ of the WDW
wave function (126) of the universe in the world field
space and the spectral parameter Q0(η) of the wave func-
tion (131) of the same universe in the world geometric
space. This relation (described by the Levi-Civita trans-
formations (129)) gives us the dynamic status of the Hub-
ble law in the quantum universe as a pure relativistic
effect.
In the considered case of the inertial motion in the
coset A(4)/L, this Hubble law in the quantum uni-
verse (123) is compatible with the SN data.
Due to the Levi-Civita relation the causal quantiza-
tion of the field spectral parameter ϕ gives the region of
definition of the geometric spectral parameter η as the
positive arrow of the time
η0 − ηI ≥ 0 (ϕ0 ≥ ϕI) Pϕ ≥ 0 , (132)
η0 − ηI ≥ 0 (ϕI ≥ ϕ0) Pϕ ≤ 0 .
Thus, the positive arrow of the time and its beginning can
be considered as the evidences for the quantum nature of
the universe.
The relativistic gauge-invariant description also solves
the problem of positive energy in quantum theory of grav-
itation as the negative sign in (127) corresponds to an-
nihilation of the universe. If we lived in the created uni-
verse, we should choose the positive sign.
We can see that the problems of cosmic initial data
and positive arrow of time cannot be solved by the stan-
dard description of quantum universe by the single WDW
wave function.
IV. CREATION OF MATTER FROM VACUUM
A. Statement of the problem
Recall that in the inflational models [57] it is proposed
that from the very beginning the universe is a hot fireball
of massless particles that undergo a set of phase transi-
tions. However, the origin of particles is an open question
as the isotropic evolution of the universe cannot create
massless particles. Nowadays, it is evident that the prob-
lem of the cosmological creation of matter from vacuum
is beyond the scope of the inflational models.
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Here we try to explain the cosmological creation of
particles from vacuum in the regime of inertial mo-
tion of the universe along geodesic in the coset A(4)/L
in the framework of the conformal cosmology. There,
the cosmic evolution in the Standard Model (SM)
SSM[F |MHiggs] is separated by the conformal transforma-
tion SSM[F¯ |a(η)MHiggs]. In this case, the spontaneous
SU(2) symmetry breaking and the vacuum expectation
value of the relative Higgs field < Φ¯ >= a(η) < Φ >
is determined by the cosmic dynamics of the scale fac-
tor with the nonzero initial data described before in the
regime of the inertial motion in the coset A(4)/L.
The SN data and the chemical evolution of matter
show evidence of this regime in the origin of the universe.
In this case, using the SM perturbation theory we should
explain not only the cosmological creation of particles
of observational matter from vacuum, but a primordial
origin of the temperature of these particles.
There are arguments in the favour of that conformal
cosmology can explain a cosmological creation of matter
from vacuum in the regime of isotropic evolution of the
universe as creation of vector bosons due to their mass
singularity [37, 38]. The first estimations of this effect
were made in [17, 39] in the conformal invariant models.
Here, we present the theoretical foundation of the cre-
ation vector bosons in the Standard Model in the regime
of the inertial motion in the coset A(4)/L.
B. Standard Model in Riemannian space
The matter field is included into the total action (71)
Stot[{F}|ϕ0, c0] = SGR[g|ϕ0] + SSM[g, {f}|c0] (133)
in the form of the Standard model of electroweak and
strong interactions with the set of fields {F} = g, {f}
and the Higgs parameter c0. The corresponding action
takes the form
Stot =
∫
d4x
√−g [LΦ,ϕ0 + Lg + Ll + LlΦ + ...] , (134)
where
LΦ,ϕ0 =
|Φ|2 − ϕ20
6
R
+D−µΦ(D
µ,−Φ)∗ − λ (|Φ|2 − c20)2 (135)
is the Lagrangian of Higgs fields with
D−µΦ = (∂µ − ıg
τa
2
Aµ − ı
2
g′Bµ)Φ
and
Φ =
(
Φ+
Φ0
)
,
|Φ|2 = Φ+Φ− +Φ0Φ¯0; (136)
Lg = −1
4
(
∂µA
a
ν − ∂νAaµ + gεabcAbµAcν
)2
−1
4
(∂µBν − ∂νBµ)2
is the Lagrangians of gauge fields,
Ll = ıL¯γ
µD+µL+ ıe¯Rγ
µ
(
DFµ + ıg
′Bµ
)
eR
+ν¯Rıγ
µ∂µνR (137)
and that of the leptons
L =
(
νe,L
eL
)
; eR, νe,R ; (138)
DF is the Fock derivative,
D+µL = (D
F
µ − ıg
τa
2
Aµ +
ı
2
g′Bµ)L.
The Lagrangian describing mass terms of leptons in-
cluding that of the neutrino (if any) is
Llϕ = −ye
(
eRΦ
+L+ L¯ΦeR
)
−yν
(
ν¯RΦ
+
CL+ L¯ΦCνR
)
, (139)
where
ΦC = ıτ2Φ
+
C =
(
Φ∗0
−Φ−
)
(140)
and yf are dimensionless parameters. For simplicity, we
omitted the strong interaction sector.
C. Higgs effect in the inertial universe
The evolution of the universe in terms of the mass-scale
factor
ϕ(x0) = ϕ0a(x
0), ϕ0 =MPlanck
√
3
8π
(141)
is separated by the Lichnerowicz transformations (28)
Stot[{F}|ϕ0, c0] = Stot[{F¯}|ϕ, y0ϕ]
+Suniverse[ϕ, N¯0] , (142)
where F¯ are observable fields and
y0 =
c0
ϕ0
(143)
is the Higgs parameter in the Planck mass - units,
Suniverse[ϕ, N¯0] = −V0
x02∫
x0
1
dx0
[
(∂0ϕ)
2
N¯0
+ N¯0ρI(ϕ)
]
(144)
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is the action of a collective inertial motion of the uni-
verse along the geodesic line of the field space with the
primordial density
ρI(ϕ) ∼ ϕ
2
0ρcr.
ϕ2
, (145)
is the primordial value of the mass-scale ϕI , and N¯0 is
the global lapse function that determines the invariant
conformal time
dη = N¯0dx
0 . (146)
It is just the time measured by the watch of an observer
far from heavy masses where the Einstein relative interval
takes a flat form
ds¯2 = dη2 − dx2i . (147)
In this case, the Higgs potential
LHiggs = −λ
(|Φ¯|2 − y20ϕ2)2
describes the Higgs effect of the spontaneous SU(2) sym-
metry breaking
∂LHiggs
∂|Φ¯| = 0 ⇒ |Φ¯|1 = 0, (148)
|Φ¯|2,3 = ±y0ϕ ∼ 10−17ϕ .
Two last stable solutions (148) form dynamic masses of
elementary particle in the units of the dynamic Planck
mass ϕ2 = ϕ2I(1 + 2H0η), in the inertial universe (144).
The masses of elementary particles in the Lagrangian
of SM
L = ye|Φ¯|e¯e+ ...,
remind the evolution of the universe.
D. Perturbation theory
The first step of the perturbation theory is to consider
the independent ”free” fields in the linear approximation
of their equations of motion.
The perturbation theory in the relative field space [27]
begins from the metric
ds2 =
ϕ2(x0)
ϕ20
ds¯2 , (149)
where the relative interval reads
ds¯20 = dη
2 − [δij + 2hij ]dxidxj , (150)
where
dη = N¯0(x
0)dx0 .
We keep only independent local field variables hii =
0, ∂ihij = 0 which are determined by independent initial
values. All nonphysical variables (for which the initial
values depend on other data) are excluded by the local
constraint.
The substitution of the ansatz (149), (150) into the
action (134) leads to the action of free fields in terms of
physical variables [27, 38]
Stot =
x02∫
x0
1
dx0N¯0
[
−V0
(
dϕ
N¯0dx0
)2
+ V0ρI(ϕ) + L
]
,
(151)
where V0 is a finite spatial volume, and L is the sum
L = L0 + Lint of the Lagrangian of interaction Lint and
the free one
L0 =
∫
V0
d3x
(
Lχ + L⊥vec + L||vec + Lrad + Ls + Lh
)
(152)
is the total Lagrangian of free fields. In particular,
Lχ =
{
χ′
2
+ χi
[
~∂2 − 4λ(yhϕ)2
]
χi
}
(153)
is the Lagrangian of a deviation of the modulus of the
Higgs field |Φ¯| = y0ϕ+ χ,
and
L⊥vec =
1
2
{
v′
⊥
i
2 + v⊥i
[
~∂2 − (yvϕ)2
]
v⊥i
}
,
L||vec = −
(yvϕ)
2
2

v′||i 1(
~∂2 − (yvϕ)2
)v′||i + v||2i

 (154)
are Lagrangians of the transverse (L⊥vec) and longitudinal
(L||vec) components of the W- and Z- bosons [37, 38]. The
Lagrangian of the fermionic spinor fields is given by
Ls = ψ¯ {−ysϕ− iγ0∂η + iγj∂j}ψ , (155)
where the role of the masses is played by the dynamic
Planck mass ϕ multiplied by dimensionless constants
yv,s; Lrad is the Lagrangian of massless fields (photons γ,
neutrinos ν) with yγ = yν = 0, and
Lh = ϕ
2
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{
(h′ij)
2 − (∂khij)2
}
(156)
is the Lagrangian of gravitons as weak transverse excita-
tions of spatial metric hii = 0 with a unit determinant
of the three-dimensional metric ∂jhji = 0 (everywhere
f ′ = df/[N¯0dx
0]).
To find the evolution of all fields with respect to the
proper time η, we use the Hamiltonian form of the ac-
tion (134) in the approximation (150)
Stot =
x02∫
x0
1
dx0


∫
V0
d3x
∑
F
PF ∂0f − Pϕ∂0ϕ
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− N¯0V0
[
− P
2
ϕ
4V 20
+ ρI(ϕ) + ρm(ϕ, F, PF )
]
 , (157)
where the Hamiltonian density
V0ρm(ϕ, F, PF ) = V0ρ(2)(ϕ, F, PF ) +Hint (158)
is a sum of the densities ρ(2)(ϕ, F, PF ) of free fields F
and their interactions. In particular, the massive scalar
Higgs field is described by the Hamiltonian [27]
H(2) = V0ρ(2) =
1
2
∑
k
[
P 2χ,k + ω
2
χ(ϕ, k)χ
2
k
]
, (159)
where ω2χ(ϕ, k) =
√
k2 + y2χϕ
2.
The variation of the action with respect to the homo-
geneous lapse-function N¯0 yields the energy constraint
δW0
δN0
= 0 ⇒ ϕ′2 = ρI(ϕ) + ρm(ϕ) . (160)
Recall that we supposed that ρI(ϕ)≫ ρm(ϕ).
E. Hamiltonian of Quantum Field Theory in world
field space
The substitution of the solution of the energy con-
straint
P 2ϕ
4V0
= V0ρI +Hm ⇒ Pϕ = ±2V0
√
ρI + ρm (161)
into the action (157) leads to the Poincare-Einstein type
actions with the field evolution parameter ϕ
S
(F )
± =
ϕ0∫
ϕI
dϕ
{∑
F
PF
dF
dϕ
∓ 2V0
√
ρI + ρm
}
(162)
that describes the evolution of ”free” massive fields with
respect to the dynamic Planck mass.
If the inertial density is greater than matter, ρI(ϕ)≫
ρm(ϕ), the actions (162) can be decomposed in a nonrel-
ativistic form
2V0
√
ρI +Hm/V0 = 2V0
√
ρI +
Hm√
ρI
+ ... . (163)
The substitution of (163) into (162) leads to the sum
S
(F )
± = S
(I)
± + S
(m)
± of the action of the inertial mo-
tion (127) S
(I)
± and the action of matter
S
(m)
± =
ϕ0∫
ϕI
dϕ
{∑
F
PF
dF
dϕ
∓ Hm√
ρI
}
. (164)
The neglect of the ”back-reaction” allows us to use the
solution of the constraint Pϕ = 2V0
√
ρI(ϕ)
dϕ(η) =
√
ρIdη
In this case the action (164) takes a form of the sum
of the action of the inertial motion and the one of the
matter field in the form of a standard action in quantum
field theory
S
(m)
± =
η0∫
ηI
dη
{∑
F
PF
dF
dη
∓Hm
}
. (165)
Thus, we derived the ordinary action of QFT with the
measurable conformal time η without the concept of non-
local energy [43].
F. Holomorphic representation and number of
particles
The relativistic system is given in the world field space
(ϕ, Fk), where Fk are oscillators treated as ”particles”.
We define ”particles” as holomorphic field variables
F (t, ~x) = (166)
∑
k
CF (ϕ)e
ikixi√
2V0ωF (ϕ, k)
(
a+σ (−k, t)ǫσ(−k) + aσ(k, t)ǫσ(k)
)
,
where
Ch(ϕ) =
√
12
ϕ
, C||v (ϕ) =
ωv
yvϕ
,
Cγ(ϕ) = Cs(ϕ) = C
⊥
v (ϕ) = Cχ(ϕ) = 1 .
These variables are distinguished by that they diagonal-
ize the energy density of ”free” fields (159)
ρˆ(2)(ϕ) =
∑
ς
ωF (ϕ, k)Nˆς , (167)
where ωF (ϕ, k) = (k
2 + y2Fϕ
2)1/2 is the one-particle en-
ergy; Nˆς =
1
2 (a
+
ς aς + aςa
+
ς ) is the number of particles; ς
includes momenta ki, species F = h, γ, v, s, and spins σ.
As everyone can see the longidutial vector paricles have
the mass singularity mv = yvϕ [37, 38].
Diagonalization of the density (167) can be treated as
a rigourous definition of a “particle” in quantum field
theory that is consistent with observational cosmology.
Really, in cosmology we consider the universe as a collec-
tion of “particles” with definite energies.
Just for observable “particles” the equations of mo-
tion are not diagonal. In particular, after transforma-
tion (166) the canonical differential form in the action∫
V0
d3x
∑
F
PF ∂0F =
∑
ς =
(k,F,σ)
ı
2
(a+ς ∂0aς − aς∂0a+ς )
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−
∑
ς
ı
2
(a+ς a
+
ς − aςaς)∂0∆ς(ϕ)
acquires nondiagonal terms as sources of cosmic creation
of particles.
The set of nondiagonal terms in SM is
∆h(ϕ) = log(ϕ/ϕI), ∆
⊥
v (ϕ) = ∆χ(ϕ) =
1
2
log(ωv/ωI),
∆||v (ϕ) = ∆h(ϕ)−∆⊥v (ϕ),
where ϕI and ωI are initial values.
G. Cosmological creation of vector bosons
The number of created particles is calculated by diag-
onalization of the equations of motion by the Bogoliubov
transformation
bς = cosh(rς)e
iθςaς + ı sinh(rς)e
−iθςa+ς . (168)
These transformations play the role of the Levi-Civita
canonical transformation to the action-angle variables
that give integrals of motion for the matter fields
d
dη
b+b = 0 . (169)
These vacuum cosmic initial data correspond to the state
nothing b|0 >= 0.
The equations for the Bogoliubov coefficients
[ως − θ′ς ] sinh(2rς) = ∆′ς cos(2θς) cosh(2rς),
r′ς = −∆′ς sin(2θς)
determine the number of particles
Nς(η) = sq〈0|Nˆς |0〉sq − 1/2 = sinh2 rς(η) (170)
created during the time η from squeezed vacuum:
bς |0〉sq = 0 and the evolution of the density
ρ(ϕ) = ϕ′2 =
∑
ς
ως(ϕ)sq〈0|Nˆς |0〉sq .
The numerical solutions of the Bogoliubov equations
for the time dependence of the vector boson distribu-
tion functions N
||
v (k, η) and N⊥v (k, η) are given in Fig. 1
(left panels) for the momentum k = 1.25HI . We can see
that the longitudinal function is noticeably greater than
the transverse one. The momentum dependence of these
functions at the beginning of the universe is given on the
right panels of Fig. 1. The upper panel shows us the in-
tensive cosmological creation of the longitudinal bosons
in comparison with the transverse ones. This fact is in
agreement with the mass singularity of the longitudinal
vector bosons discussed in [37, 38]. One of the features of
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FIG. 1: Time dependence for the dimensionless momentum
x = k/HI = 1.25 (left panels) and momentum dependence at
the dimensionless lifetime τ = (η2HI) = 14 (right panels) of
the transverse (lower panels) and longitudinal(upper panels)
components of the vector-boson distribution function.
this intensive creation is a high momentum tail of the mo-
mentum distribution of longitudinal bosons which leads
to a divergence of the density of created particles defined
as [58]
nv(η) =
1
2π2
∞∫
0
dkk2
[
N ||v (k, η) + 2N
⊥
v (k, η)
]
. (171)
The divergence is a defect of our approximation where
we neglected all interactions of vector bosons that form
the collision integral in the kinetic equation for the dis-
tribution functions.
Our calculation of this density presented in Fig. 1 sig-
nals that the density (171) is established very quickly in
comparison with the lifetime of bosons and in the equi-
librium there is a weak dependence of the density on the
time (or z-factor). This means that the initial Hubble pa-
rameter HI almost coincides with the Hubble parameter
at the point of saturation.
H. Towards the microscopic theory of CMB
temperature
A new fact is the zero-mass singularity of the longitu-
dinal vector bosons [37, 38] that leads to divergence of
the number of created vector bosons in the lowest order
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of perturbation theory [17]
n‖ =
1
2π2
∫
dkk2N‖(k) ∼ ∞ . (172)
This divergence is the real origin of appearance of tem-
perature of the created matter in the steady universe of
the relative cosmology. This temperature belongs to vec-
tor bosons.
The concept of a temperature T for the matter fields in
the relativistic region means that the distribution func-
tion N = | sinh2 r| converts into the Boltzmann factor,
and the particle density takes the form n(T ) ∼ T 3. This
temperature is established due to the interaction cross-
section
σscat. ∼ 1
m2v(ηrelax.)
during the time of relaxation
ηrelax. =
1
n(T )σscat.
.
We can introduce the concept of temperature T if this
time of relaxation is less than the inverse Hubble pa-
rameter (i.e., the universe is varying slowly than fields)
ηrelax. ≤ 1/H(ηrelax.). This means that the temperature
T can be estimated by the integral of motion
n(T )σscat. ≥ H(ηrelax.) ⇒
TI ∼
(
m2v(ηrelax.)H(ηrelax.)
)1/3
=
(
m2v0H0
)1/3
, (173)
where m2v0, H0 mean the present-day values. If we sup-
pose that the CMB radiation is the product of the de-
cay of the primordial vector bosons and its temperature
TCMB = 2.7K remembers the primordial temperature
TI = TCMB = 2.7K, we can obtain the present-day mass
of the primordial vector bosons
mv0 =
(
T 3CMB
H0
)1/2
≃ 80GeV ÷ 100GeV . (174)
It is just the mass ofW,Z - vector bosons in the Standard
Model of the electroweak interactions. Using this mass
we can estimate also primordial values of the of Hubble
parameter and Planck mass. They are close to
HI = TCMB = 2.7K, ϕI =
ϕ0T
1/2
CMB
H
1/2
0
= 10TeV . (175)
One can say that the CMB-temperature ”remembers”
the primordial mass of the inertial motion of the universe.
These estimations are in agreement with the latest Su-
pernova data [16, 20, 21, 22], the chemical evolution, the
positive arrow of the geometric time, and the inertial
density
ρI(ϕ) =
ϕ4IT
2
CMB
ϕ2
≡ ϕ
2
0ρcr.
ϕ2
.
It is varying in the time η from 1029ρcr. to ρcr. during the
time η = 1/2H0. This density is greater than the one of
created bosons
ρI(ϕI)
T 4CMB
=
ϕ2I
T 2CMB
= 10−34 .
These estimations are compatible with a direct calcula-
tion of the primordial creation of vector particles [17, 39].
This creation leads to the baryon asymmetry of the uni-
verse as the left-current interaction of the primordial vec-
tor bosons in SM during their lifetime polarize the Dirac
sea of fermions [16].
V. DISCUSSION OF THE RESULTS
The universe was considered as one of ordinary physi-
cal objects described by differential equations of the Gen-
eral Relativity and Standard Model given in the definite
frame of reference (connected with the CMB radiation)
with the zero initial data for all fields < F¯ >I= 0, ex-
cluding the scale factor
aI = 0.3 · 10−14 , (a′/a)I = 2.7K
and the relative Higgs field
< Φ¯ >I= aI < Φ >0 ,
where < Φ >0 is the present-day value.
It is useful to remind also that modern quantum field
theories cannot explain a measurement standard (iden-
tifying the theoretical quantities with the observational
ones) and initial data including the background of in-
frared gravitation fields (like an undetected background
of infrared photons which should be taken into account
for the consistent theoretical description of the higher
energy accelerator experiments).
Therefore, the modern status of the theory allows us
to consider the homogeneous approximation, the abso-
lute status of measurement standard of the Paris meter,
the Planck initial data aI ≃ 10−60 of origin of the mat-
ter, and the Higgs field (i.e., material) origin of the cos-
mic evolution of the scale factor as subjects of scientific
research rather than dogmas.
In the paper we listed the arguments in favour of that
the latest observational data fit the relative measurement
standard (with the expanding Paris meter) and the vector
boson initial data aI ≃ 10−14 of origin of the matter,
and the gravitational origin of the cosmic evolution of
the scale factor treated as the collective inertial motion
along a geodesic in the field space of metric components.
The considered theory explains the creation of the uni-
verse in the world field space (a|F¯ ) with the field evolu-
tion parameter a and the energy
Pa = Euniverse +HQFTdη/da+ .. ,
where
Euniverse = 2V0ϕ
2
0(HIa
2
I) log(a0/aI)
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like the modern quantum field theory explains particle
creation in the Minkowski world space (X0|Xi) with the
energy
P0 = Emass + (P
2
i /2m)(dη/dX0) + ..
(where Emass = mc
2). In both the cases dη means the
geometric time interval.
The considered theory introduces the geometric time
interval in the Hamiltonian description by the Levi-
Civita canonical transformation of the field variables to
the geometric set of variables. In this case, the causal
quantization of the scale factor removing the negative
energy Pa explains both the absence of the cosmological
singularity a = 0 (in the field wave function of created
universe) and the positive arrow of the geometric time
η (in the geometric wave function of created universe)
as the consequences of stability of quantum theory. The
relation of two evolution parameters of these wave func-
tions in the form of the evolution of the universe a(η) is
a pure relativistic effect. Just this relation gives the dy-
namic status of the Hubble law in the quantum universe.
The theory explains the origin of observational matter.
Remind that the collective motion with the momentum
Pa allows us to define energy of the universe compatible
with the one in quantum field theory HQFT, the obser-
vational energy density, and observational particles.
The theory points out the creation of W,Z - vector
bosons from the geometric vacuum due to their mass sin-
gularity m¯W (a → 0) → 0. This mass singularity is the
physical origin of the temperature of the matter. The
inertial cosmic motion in the coset A(4)/L leads to the
definite temperature of the matter TI ≃ (m2WH)1/3K de-
pending on the boson mass mW and the Hubble param-
eter H . This temperature is an integral of the inertial
motion and this integral coincides with the primordial
value of the Hubble parameter TI = HI .
These primordial bosons decay with the baryon num-
ber violation [39]. The CMB radiation as the product
of decay of the primordial bosons keeps the primordial
value of the temperature TCMB ≃ (m2W0H0)1/3 = 2.7K,
wheremW0, H0 are the present-day values of boson mass
and the Hubble parameter in the stiff regime.
Thus, we have shown that the quantum universe could
be created in the CMBR reference frame with the value
of the primordial scale factor aI ≈ 0.3 × 10−14 and the
primordial Hubble parameter HI ≈ 2.7K.
VI. CONCLUSION
The treatment of General Relativity as the theory of
nonlinear representation of the affine group helped us to
determine the geometry of the field space, and extended
the principles of relativity (including the concepts of the
inertial motion, geodesic line, relative and absolute ”co-
ordinates”) to this field space.
The consistent and complete description of the creation
of the quantum universe and its evolution allowed us to
consider the creation of matter in the quantum universe
in the Standard Model of the electroweak and strong in-
teractions.
This theoretical description depends on the Lorentz
frame. In this sense the explicit relativistic covariance is
lost. Remind that this fact is not a defect of the the-
ory. The relativistic covariance means that a complete
set of states obtained by all Lorentz transformations of
a state in a definite frame of reference coincides with a
complete set of states obtained by all Lorentz transfor-
mations of this state in another frame of reference (see
the review of papers by V. Bargmann, E.P. Wigner, and
A.S. Wightman in the monography [56]).
Moreover, following to Julian Schwinger ”...we reject
all Lorentz gauge formulations as unsuited to the role of
providing the fundamental operator quantization ...” [59]
counting that any gauges that do not depend on a refer-
ence frame are not correct for the description of ampli-
tudes of all processes in quantum theory, including the
creation of the universe, time, and matter with the excep-
tion of the narrow class of amplitudes of the scattering
of elementary local fields on their mass-shell [54, 60].
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Appendix A: Hamiltonian formalism in the coset
A(4)/L
A choice of a Lorentz-frame in GR means the separa-
tion of all underlined indices into the time-like and space-
like ones (µ = 0, a).
To formulate Hamiltonian dynamics in GR, besides
of the Lorentz-frame in the Minkowski space-time µ we
should choose also the Riemannian frame. The Rie-
mannian frame of reference for solving the evolution
problem in GR is known as the ”kinemetric” frame [8].
This frame means the 3 + 1 foliation of the Riemannian
space-time
ω0 = Ndx
0, ωa = eai(dx
i +N idx0) ,
where eai is “drei-bein”. This foliation in terms of an
Einstein interval
(ds)2 = gµνdx
µdxν = (Ndx0)2
−(3)gij
(
dxi +N idx0
) (
dxj +N jdx0
)
(A.1)
was applied for the generalized Hamiltonian approach
to the Einstein theory of gravitation (16) by Dirac and
20
Arnowitt, Deser and Misner [41, 42]. This foliation
keeps all ten components of the metric with the lapse
function N(x0, ~x), three shift vectors N i(x0, ~x), and six
space components (3)gij(x
0, ~x) depending on the coor-
dinate time x0 and space coordinates ~x. The Dirac-
ADM parametrization characterizes a family of hyper-
surfaces x0 = const. with the unit normal vector να =
(1/N,−Nk/N) to a hypersurface. The second (external)
form
1
N
(
∂0
(3)gij −Nj|i −Ni|j
)
≡
1
N
[(
∂0 −N l∂l
)
(3)gij − (3)gil∂kN l − (3)gjl∂iN l
]
(A.2)
shows how this hypersurface is embedded into the four-
dimensional space-time. HereNi|j is the covariant deriva-
tive with respect to the metric (3)gkj . In terms of “drei-
bein” the expression (A.2) takes the form(
∂0
(3)gij −Nj|i −Ni|j
)
≡ eai(D0e)aj + (i ↔ j) ,
(A.3)
where
(D0e)ai =
(
∂0 −N l∂l
)
eai − eal∂iN l . (A.4)
A gauge group is considered as the group of diffeomor-
phisms of the Dirac-ADM parametrization of the met-
ric (A.1) [8]
x0 → x˜0 = x˜0(x0); xi → x˜i = x˜i(x0, x1, x2, x3) ,
(A.5)
N˜ = N
dx0
dx˜0
; N˜k = N i
∂x˜k
∂xi
dx0
dx˜0
− ∂x˜
k
∂xi
∂xi
∂x˜0
. (A.6)
These transformations conserve the family of hypersur-
faces x0 = const., and they are called a kinemetric sub-
group [8, 26, 27] of the group of general coordinate
transformations (19). The group of kinemetric trans-
formations contains reparametrizations of the coordinate
time (A.5). This means that there are no physical in-
struments that can measure this coordinate time. The
definition of the kinemetric frame of reference requires to
point out an invariant field evolution parameter in
the field space gµν = (gij , N,N
k) which plays the role
of the fourth time-like coordinate in Minkowskian space-
time in Special Relativity.
The Einstein action in the kinemetric frame takes the
form
SGR[e|ϕ0] = −
∫
d4x
√−g¯ ϕ
2
0
6
R(g) =
x02∫
x0
1
dx0
∫
V0
d3x [K(e|ϕ0)− P(e|ϕ0) + S(e|ϕ0)] , (A.7)
where
K(e|ϕ0) = ϕ
2
0|e|
24N
[πabπab − πbbπaa] (A.8)
is the kinetic term,
P(e|ϕ0) = ϕ
2
0N |e|
6
(3)R(e) (A.9)
is the potential term with a three dimensional curvature
in terms of “drei-beins” eai, and
S(e|ϕ0) = ϕ
2
0
6
(
∂0 − ∂kNk
)( |e|πaa
N
)
− ϕ
2
0
3
∂i
(|e|gij∂jN)
(A.10)
are the standard ADM ”surface terms” which do not con-
tribute to the equations of motion. Here we used the
following definitions√
(3)g¯ = det||eai|| , gij = (e−1)ia (e−1)ja , (A.11)
πab = ω
R
ab(D0) =
1
2
[(D0e)ai(e
−1)ib + (a ↔ b)]) .
The definition of ωR(ab)(D0) is given by (7) where (de) is
replaced by the covariant derivative (A.4).
One can choose a triangle “drei-bein”
eai = 0, a < i (A.12)
that is the continuation of the 4 = 3+ 1 foliation for the
3 = 1 + 1 + 1 one.
To make the discussion of the invariant field evolu-
tion parameter in GR more transparent, it is useful to
separate the determinant of the three-dimensional met-
ric [47]
eai = ψ
2eTai , det||eTai|| = 1 , det||gTij || = 1. (A.13)
Then, instead of the Lagrangians (A.8), (A.9) and (A.10)
we get the kinetic term
K(g|ϕ0) = ϕ
2
0ψ
6
N
[
πTabπ
T
ab
24
− 4π2ψ
]
, (A.14)
where
πψ = (∂0 −Nk∂k) logψ − 1
6
∂kN
k , (A.15)
the potential term is
P(g|ϕ0) = ϕ
2
0Nψ
2
6
[
(3)R(g(T )) +
8
ψ
gij(T )∂i∂jψ
]
, (A.16)
and the ”surface” term is
S(g|ϕ0) = ϕ202
(
∂0 − ∂kNk
)(ψ6πψ
N
)
(A.17)
21
−ϕ
2
0
3
gij(T )∂i
(
ψ2∂jN
)
.
Now we can introduce canonical momentum using the
standard definitions and eqs. (A.11), (A.14)
Pψ =
∂K(g|ϕ0)
∂(∂0ψ)
= −8ϕ20ψ5πψ , (A.18)
Pab =
1
2
[
eTaiP
i
b + (a↔ b)
]
, (A.19)
P ia =
∂K(g|ϕ0)
∂(∂0eai)
=
ϕ20ψ
6
12N
[
(e−1T )aiπ
T
ab
]
.
In terms of these momenta the Einstein action takes the
first-order Hamiltonian form
SGR[F |ϕ0] = SF + SGR = (A.20)
∫
dx0d3x

 ∑
F=ψ,eT
PF ∂0F −NH +NkPk + S(g|ϕ0)

 ,
where the local Hamiltonian density
NH = K(g|ϕ0) + P(g|ϕ0) (A.21)
is the sum of terms defined by eqs. (A.14), (A.16), the
kinetic Lagrangian
K(g|ϕ0) = N
{
6
ϕ20ψ
6
[P(ab)P(ab)]− 1
16ϕ20ψ
4
P 2ψ
}
(A.22)
depends on the canonical momenta P(ab) and Pψ , and
Pk = ∂j(P iaeTak) + P ia∂keTai − T 0k (A.23)
is the local momentum where the energy momentum ten-
sor that depends on the trace of the second external form
T 0k = Pψ∂kψ −
1
6
∂k(Pψψ) (A.24)
is distinguished.
We have the Dirac generalized Hamiltonian system
with four local constraints (A.21), (A.23)
Htot = 0, Pk = 0 . (A.25)
In terms of “observables”
Pa = Pk(e−1T )ka
the second three constraints Pa = 0 take the transparent
form of the transverseness condition
∂jP
j
b = T˜
0
b , (A.26)
where
T˜ 0b = T
0
k (e
−1
T )kb + P
j
a (∂ke
T
aj − ∂jeTak)(e−1T )kb .
Four constraints (A.25) should be accompanied by four
gauges. Dirac [41] chose the so-called minimal embed-
ding of a three-dimensional hypersurface into the four-
dimensional space-time
Pψ = 0 (A.27)
and the transverseness condition that in terms of ”drei-
beins” takes the form
fb(e
T ) = 0 ⇒ ∂ieTbi = 0 (A.28)
compatible with the constraint (A.26). The minimal em-
bedding allowed Dirac to remove all local excitations of
metric with the negative norm and a negative contribu-
tion to energy.
Faddeev and Popov [43] used other gauges. Using gen-
eral coordinate transformations they removed all compo-
nents of the three-dimensional metric besides two. Using
general coordinate transformations one can also remove
all components of ”drei-beins” besides two. In particular,
we can keep two nondiagonal components in the triangle
basis (A.12) of (3 = 1 + 1 + 1) foliation
eTai =
∣∣∣∣∣∣
1 0 0
e21 1 0
0 e32 1
∣∣∣∣∣∣ . (A.29)
The triangle basis (A.29) allows us to find the polynomial
form of the three-dimensional metric
gTij =
∣∣∣∣∣∣
1 e21 0
e21 1 + e
2
21 e32
0 e32 1 + e
2
32
∣∣∣∣∣∣ , (A.30)
gijT =
∣∣∣∣∣∣
1 + e221(1 + e
2
32) −e21(1 + e232) 0
−e21(1 + e232) 1 + e232 −e32
e21e32 −e32 1
∣∣∣∣∣∣ (A.31)
for which the GR action becomes polynomial. In these
cases, with the affine version of General Relativity one
hopes to prove its renormalizability.
Thus, the Hamiltonian action (A.20) with all con-
straints takes the form
SGR[F |ϕ0] = (A.32)
∫
dx0



∫ d3x ∑
F=ψ,e,
PF∂0F

−Htot[F |ϕ0]

 ,
where
Htot[F |ϕ0] = (A.33)
22
∫
d3x
[
NH−NkPk + C0Pψ + Cbfb(eT )− S
]
is the total Hamiltonian with the Lagrangian multipliers
N,Nk, C0, Cb.
In the context of our consideration of the problem of
energy and time it is very important to emphasize the
positive contribution of the transverse ”drei-beins” to the
Hamiltonian density Htot = 0 in the conventional pertur-
bative theory. The latter begins with the gauge
N = 1, ψ = 1 (A.34)
that supposes that the measurable time is identified with
the coordinate time x0. We see below that the gauge
N = 1 removes part of pure relativistic results including
definition of nonzero energy of the proper time, a positive
arrow of the time, and cosmic initial data.
The perturbation theory with ψ = 1 loses all cosmol-
ogy. Recall that the evolution of the universe is identified
with the determinant of the spatial metrics in the homo-
geneous approximation ψ2 = a(x0) that is well known as
cosmic scale factor.
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